Two field experiments were carried out at El-Gemmeiza Agricultural Research Station, El-Gharbia Governorate in 2014 and 2015 seasons, to study the effect of nano-fertilizer (Lithovit) rates (0, 2.5, 5 and 7.5 g/l) and foliar potassium fertilizer (in the form of Potasin-P) rates (2.5, 5 and 7.5 cm 3 /l) under three planting dates (8 April, 8 May and 8 June) on leaves chemical composition of the Egyptian cotton (Gossypium barbadense L.), cultivar Giza 86. Cotton plants were foliar sprayed with Lithovit and Potasin-P at 45 and 60; 46 and 61 days after planting, respectively. Leaves N, P, K, chlorophyll a, b, total chlorophyll, carotenoids and total carbohydrates contents were significantly affected by planting date in both seasons, in favour of early planting date (8 April) compared to medium and late planting dates (8 May and 8 June). Delaying planting date significantly increased leaf proline content and leaf peroxidase activity which indicate the presence of heat stress effect on the plant.Leaves N, chlorophyll a, b, total chlorophyll, carotenoids and total carbohydrates contents were significantly affected by rates of Potasin-P in both seasons, in favour of the medium rate of Potasin-P (5cm 3 /l). While, leaves P and K contents were significantly increased by using the high rate of Potasin-P (7.5cm 3 /l). The medium rate of Potasin-P (5cm 3 /l) significantly decreased leaf proline content and peroxidase activity which indicate favorable plant conditions.Leaves N, P, K, chlorophyll a, b, total chlorophyll, carotenoids and total carbohydrates contents were significantly increased by each increment of nano-fertilizer (Lithovit). The inverse was true in leaf proline content and peroxidase activity. The decrease in these traits induced favorable plant conditions and reflected on reduce environmental stress effect.The second order interaction had a significant effect on all studied chemical composition of leaves. Cotton plants sown on 8 April and sprayed with 5cm 3 Potasin-P /l and 7.5 g Lithovit/l recorded the highest values of N, P, K, chlorophyll a, b, total chlorophyll, carotenoids and total carbohydrates content in leaves. In the contrary, this interaction recorded the lowest values of leaf proline content and peroxidase activity which induced favorable plant conditions and reflect on reduce environmental stress effect. It can be concluded that the mentioned interaction was the recommended treatment for optimum chemical composition of cotton leaves under experimental conditions.
INTRODUCTION
Cotton (Gossypium spp.) is highly sensitive to environmental stresses. Singh et al. (2007) reported that in the last century, carbon dioxide concentration [CO 2 ] has risen rapidly from about 350 mmol mol -1 in 1980 to about 378 mmol mol -1 at present. At the current rate of gas emissions and population increase, it is predicted that CO 2 will double by end of this century. These changes in CO 2 and other greenhouse gases are predicted to increase surface mean temperature in the range of 1.4-5.8 °C. In this concern, Oosterhuis (1999) reported that the overall result of high temperature was insufficient carbohydrates production to satisfy the plant"s needs. Reddy et al. (1995) observed that net photosynthesis in cotton was less at both higher and lower temperatures than at optimum (28 0 C). Net photosynthesis decreases with increasing temperature, while dark respiration increases exponentially with increasing temperatures (Bednarz and Van Iersal, 2001) . High temperature increases rates of photorespiration (Krieg, 1986) , thus reduces net carbon gain in C 3 species. Al- Khatib and Paulsen (1984) and Harding et al. (1990) detected differences in photosynthesis under heat stress that were associated with a loss of chlorophyll and changes in the ratio of chlorophyll a to b. El-Shazly et al. (1998) found that early planting date (March 15) significantly increased leaf concentrations of N, P and K in both seasons as compared to mid and late sowing dates (April 5 and April 26). Ali (2012) found that the total soluble carbohydrates in the stem of cotton seedling was reached significantly to planting date in favor of early sowing. El -Ashmouny (2014) found that planting cotton at 15 April give the highest values in leaf chlorophyll a, chlorophyll b, total chlorophyll and carotenoids content compared to the other planting dates (30 April or 15 May).
Although fertilizers are very important for plant growth and development, most of the applied fertilizers are rendered unavailable to plants due to many factors, such as leaching, degradation by photolysis, hydrolysis and decomposition. Hence, it is necessary to minimize nutrient losses in fertilization and to increase the crop yield through the exploitation for new applications with the help of nanotechnology and nanomaterials. Nanotechnology opens a large scope of novel application in the fields of biotechnology and agricultural industries, because nanoparticles have unique physicochemical properties, i.e. high surface area, high reactivity, tunable pore size and particle morphology (Siddiqui et al., 2015) . Kumar (2011) reported that nano fertilizers have emerged as an alternative to conventional fertilizers for slow release and efficient use of water and fertilizers by plants. These prevent buildup of the nutrients in the soil thereby eliminating the risk of eutrophication and drinking water contamination. Lithovit is a naturally occurring CO 2 foliar spray made from limestone deposits. It enhances the plant growth and results in high productivity by means of increasing the natural photosynthesis on supplying carbon dioxide (CO 2 ) at optimum concentration, which is much higher than in the atmosphere and at the same time does not result in an increase of the CO 2 in the atmosphere which might create a climatic problem particularly when the rate of global warming looms large over agriculture. All Lithovit particles do not penetrate the stomata at once. Most of them remain as thin layer on the leaves surface and penetrate frequently when they get wet by dew at night.
Foliar feeding of potassium is of great significance for plants because its includes low cost, quick response to plant, small quantity of potassium and it provides compensation for lack of soil fixation (Ashfaq et al., 2015) . Cakmak et al. (1994) reported that K nutrition pronounced effect on carbohydrates partitioning by affecting either phloem export of photosynthesis (sucrose) or growth rate of sink /or sucrose"s organ. Dong et al. (2004) reported that potassium deficiency is closely associated with low chlorophyll content, decreased stomatal conductance, poor chloroplast and increased mesophyll resistance. Reddy and Zhao (2005) found a significant difference in leaf chlorophyll content among K treatments (control and 40, 20, 5 and 0% of the control K).
The objective of this study was to determine the interactive effects of potassium fertilizer (in the form of Potasin-P) supply at the three rates and nano-fertilizer (Lithovit) at the four rates on cotton leaves chemical composition under three planting dates under the environmental conditions of El-Gharbia Governorate.
MATERIALS AND METHODES
Two field experiments were conducted on a clay soil at El-Gemmeiza Agricultural Research Station, El-Gharbia Governorate, Egypt in 2014 and 2015 seasons, to study the effect of nano-fertilizer (Lithovit) rates (0, 2.5, 5 and 7.5 g/l) and foliar Potasin-P rates (2.5, 5 and 7.5 cm 3 /l) under three planting dates (8 April, 8 May and 8 June) on leaves chemical composition of the Egyptian cotton, cultivar Giza 86.
The preceding crop was Egyptian clover (Trifolium alexandrinum L.,) "berseem" in both seasons.
Representative soil samples were taken from the experimental soil sites before sowing in both seasons and prepared for analysis to determine chemical properties according to Jackson (1973) as shown in Table ( 1). The different constituents of Lithovit were illustrated in Table 2 . A strip split plot design with four replicates was used in both seasons. The horizontal plots were assigned to planting dates, the vertical plots to Potasin-P rates and sub-plots to nano-fertilizer (Lithovit) rates. The plot size was 14 m 2 (4 m x 3.5 m). Each plot included 5 ridges 70 cm apart. Phosphorus fertilizer was applied during soil preparation in the form of calcium super phosphate (15.5 % P 2 O 5 ) at a rate of 22.5 kg P 2 O 5 /fed. Sowing took place on the studied dates. Seeds of Giza 86 cultivar were sown in hills 25 cm apart with two plants /hill after thinning. All plots were fertilized at a rate of 45 kg N / fed in the form of ammonium nitrate (33.5 % N) in two equal doses, the first dose was added after thinning (before the first irrigation), while the second dose was applied before the second irrigation. Potassium fertilizer (in the form of Potasin-P) was applied as foliar spray at the tested rates.
Solutions of Potasin-P (30% K 2 O+5% P 2 O 5 ) and Lithovit with the mentioned concentrations were used as foliar spray on cotton plants twice at 46 and 61; 45 and 60 days after planting, respectively.
The other cultural practices were carried out as recommended for conventional cotton seeding in the local production district.
Ten leaves (fourth upper leaf) were randomly taken from plants of each plot at 75 days after sowing to determine mineral elements, photosynthetic pigments and total carbohydrates in both seasons and proline concentration and determination of enzyme activity in the first season, only. N was determined in leaves by microkjeldahl, P by spectrometer, K by flame photometer, photosynthetic pigments (chlorophyll a, chlorophyll b, total chlorophyll (a+b) and carotenoids) by spectrophotometer model 390 and total carbohydrates by spectro-colorimetrically as described by A.O.A.C. (1995) . Proline concentration was measured by colorimeter according to the method of Bates et al. (1973) and peroxidase activity was determined according to the method of Fehrman and Dimond (1967) .
Statistical analysis
The statistical analysis of the obtained data was done and performed according to Le Clerg et al. (1966) using M State-C microcomputer program for strip split plot design, and the treatments means were compared using LSD at 0.05 level of probability (Waller and Duncan, 1969) .
RESULTS AND DISCUSSION

1-Effect of planting dates:
Planting dates had significant effect on leaf N, K, chlorophyll a, b, a+b, carotenoids and total carbohydrates content at 75 days from planting in both seasons (Tables 3, 4 and 5). Early planting date (8 April) resulted in significant increase in these traits as compared to mid and late planting dates (May 8 and June 8). In contrary, late planting date recorded the lowest values of these traits. This could be explained on the basis of air temperature and heat units, where in delaying planting date accumulated temperatures degrees above the zero point of growth were increased and consequently respiration increase and in turn leaf total carbohydrates content decreased. In this concern, Perry and Krieg (1981) reported that temperatures exceeding 32°C are associated with a decrease in photosynthesis and carbohydrates production. Burke et al. (1988) reported that the temperature ranges of cotton for optimal metabolic activity, known as the thermal kinetic window, is 23-32 °C with the optimum for photosynthesis at 28°C. Al-Khatib and Paulsen (1984) and Harding et al. (1990) detected similar differences in photosynthesis under heat stress that were associated with a loss of chlorophyll and changes in the ratio of chlorophyll a to b. El-Shazly et al. (1998) found that early planting date (March 15) significantly increased leaf concentration of N, P and K in both seasons as compared to mid and late sowing dates (April 5 and April 26). Ali (2012) reported that average total soluble carbohydrates tended to be decreased drastically as planting date was delayed. El -Ashmouny (2014) found that planting cotton at 15 April give the highest values in leaf chlorophyll a, chlorophyll b, total chlorophyll and carotenoids content compared to the other planting dates (30 April or 15 May).
Delaying planting date significantly increased leaf proline concentration and peroxidase activity (Table 5) , which indicated unfavorable plant conditions and this reflect on increase environmental stress effect. In this concern, Ronde et al., (2001) found that proline accumulation in high temperature in cotton leaves. Peroxidase is antioxidant enzyme that is very good biochemical marker for stress and increasing its activity could have a remediation potential (Zembala et al., 2010) .
2-Effect of Potasin-P rates:
Significant differences among the three rates of Potasin-P for leaves N, P, K, chlorophyll a, b, a+b, carotenoids and total carbohydrates content at 75 days from planting in both seasons were found, in favor of foliar spraying the medium rate of Potasin-P (5 cm 3 /l) for leaves N, chlorophyll a, b, a+b, carotenoids and total carbohydrates content in both seasons and in favor of the high rate (7.5 cm 3 /l) for leaves P and K contents in both seasons. The significant increase in leaves P and K content due to applied Potasin-P at the high rate (7.5 cm 3 /l) over the other two rates is mainly due to the constituents of Potasin-P (30% K 2 O and 5% P 2 O 5 ). In contrary, the medium rate produced the lowest values of leaves proline concentration and peroxidase activity, which indicated that this rate induced favorable plant conditions and this reflect on reduce environmental stress effect. In this concern, Cakmak et al. (1994) reported that K nutrition pronounced effect on carbohydrates partitioning by affecting either phloem export of photosynthesis (sucrose) or growth rate of sink /or sucrose"s organ. In addition, K has an important role in the translocation of photosynthates from sources to sinks. Zhao et al. (2001) reported that the K deficient plant leaves were filled with more starch granules and fewer grana as compared to K sufficient plants. Dong et al. (2004) reported that potassium deficiency is closely associated with low chlorophyll content, decreased stomatal conductance, poor chloroplast and increased mesophyll resistance and Reddy and Zhao (2005) reported that plants receiving 5 and 0 % K had 12 and 38% lower chlorophyll content than the control, respectively. 
3-Effect of nano-fertilizer (Lithovit) rates:
Leaves N, P, K, chlorophyll a, b, total chlorophyll, carotenoids and total carbohydrates concentrations were significantly increased by each increment of nano-fertilizer (Lithovit). The inverse was true in leaf proline content and peroxidase activity. The decrease in these traits induced favorable plant conditions and reflected on reduce environmental stress effect.
The increase in leaves chlorophyll a, b and a+b content due to the high rate of nano-fertilizer (Lithovit) is mainly attributed with the high leaves N content of this rate (Table 3) , which is an integral part of chlorophyll manufacture through photosynthesis (Tucker, 1999) . The positive response of cotton plants to nano -fertilizer (Lithovit) as a foliar spray at the high rate compared with unfertilized plants or the low rate is mainly due to Lithovit contents of macronutrients (N, P, K, Ca and Mg) and micronutrients (Fe, Zn, Mn and Cu) as shown in Table (2) where:
Phosphorus is essential for the biosynthesis of chlorophyll as pyridoxal must be present for its biosynthesis. Phosphorus is involved in phosphoglecric compounds and phosphoglycric acid which plays an important role in CO 2 conversion to sugar (Uchida, 2000) . Magnesium (Mg) is a constituent of the chlorophyll molecule, which is the driving force of photosynthesis (Tucker, 1999) . Zinc is essential for several biochemical processes such as cytochrome and nucleotide synthesis, auxin metabolism, chlorophyll production, enzyme activation and membrane integrity (Uchida, 2000) . Zinc encourages green plastids enzymes and delays the senescence of plant through increasing levels of indole acetic acid (IAA) and chlorophyll. Zinc is necessary for chlorophyll synthesis and ATP/chlorophyll ratio. Although Mn is not a constituent of chlorophyll, it helps in its formation where, manganese assists iron in chlorophyll formation (Lohry, 2007) . Cu is part of the chloroplast protein plastocyanin, which forms part of the electron transport chain. Also, Cu may have a role in the synthesis and/or stability of chlorophyll and other plant pigments (Uchida, 2000) . Because Cu is essential for chloroplast functions, deficiency normally promotes chlorosis in young growth. Consequently, Cu deficiency is most likely to be observed in high pH soils (Hull, 2002) , sulfur is necessary in chlorophyll formation (though it isn't one of the constituents), Tucker (1999) . Iron promotes formation of chlorophyll. Iron is required for various reaction steps in the biosynthesis of chlorophyll, where iron plays a role in the formation of amino leulinic acid, which is a precursor of chlorophyll synthesis. It is essential for the synthesis of chlorophyll, the green color of plants which functions in photosynthesis but it is not part of the chlorophyll molecule, Curie and Briat (2003) . In this concern, Pinter et al. (1994) found that cotton leaves in a free-air CO 2 enrichment (550 µmol CO 2 mol -1 ) plots had greater chlorophyll a concentration than leaves in the ambient air control plots (about 370 µmol CO 2 mol -1 ). Reddy and Zhao (2005) found that leaf chlorophyll content did not differ (P= 0.4) between plants grown under elevated and ambient ]CO 2 [. Dordas (2009) found that manganese application increased the chlorophyll content.
The superiority of the high rate as for leaves carbohydrates content on the other rates is mainly refers to the characteristics of Lithovit and its chemical composition, where:
Potassium has an important role in the translocation of photosynthates from sources to sinks (Cakmak et al., 1994) . Calcium aids in carbohydrates translocation (Tucker, 1999) . Magnesium (Mg) is a constituent of the chlorophyll molecule, which is the driving force of photosynthesis. It is also essential for metabolism of carbohydrates (sugars). It facilitates the translocation of carbohydrates (sugars and starches) (Tucker, 1999) . Phosphorus decomposes carbohydrates produced in photosynthesis (Tucker, 1999) . Phosphorus is involved in phosphoglecric compounds and phosphoglycric acid which plays an important role in CO 2 conversion to sugar (Uchida, 2000) , Since Cu is required for the photosynthesis generation of reducing power necessary for CO 2 fixation, an inadequate Cu supply will reduce carbohydrates level and vegetative growth rates. Photosynthesis involves the reduction of carbon dioxide (CO 2 ) while respiration is the oxidation of carbohydrates back to CO 2 , Cu is an essential participant in this process (Tucker, 1999) . Ainsworth (2008) reported that due to increased photosynthetic activity, leaf nonstructural carbohydrates (sugars and starches) per unit leaf area increase on average by 30-40% under a free-air CO 2 enrichment (FACE) elevated CO 2 .
Increasing Lithovit rate up to 7.5 g/l caused a significant decrease in leaves proline content and leaf peroxidase activity due to the following considerations:
Lithovit improves the supply of essential nutrients such as manganese, copper, zinc, calcium, iron, potassium oxide, nitrogen and phosphorus etc that enhance the resistance to adverse conditions. Lithovit fed cotton plant leaves with CO 2 gas from inside the leaves at a much higher rate than in the air, thus enhancing the basic process of photosynthesis and plant growth which reflects on provide the best conditions for plant growth. The high leaf nitrogen content due to this rate (Table 3 ) makes these plants utilized of the absorbed light energy in electron transport and tolerant to photo-oxidative damage under high intensity light and consequently increases photosynthesis capacity. Calcium is able to mitigate heat stress effects by improving stomatal function and other cell processes. Calcium is also believed to have an influence on the development of heat shock proteins that help the plant tolerance the stress of prolonged heat. Insufficient Ca levels lead to deterioration of the cell membrane the cells become leaky resulting in the loss of cell compounds and eventually death of the cell and plant tissue. Calcium plays a role in regulating various cell and plant functions as a secondary messenger. This function as a secondary messenger assists in various plant functions from nutrient uptake to changes in cell status to help the plant react to the impact of environmental and diseases stresses ** ** ** ** ** ** A X C ** ** ** * ** ** B X C ** ** ** ** ** ** A X B X C ** ** ** * ** **
4-Effect of the interactions:
The first order interactions gave significant effects on traits under study and since the second order interaction effect on these traits was significant we will discuss the second order interaction effect only.
The second order interaction had a significant effect on all studied chemical composition of leaves (Tables 6-7-8). Cotton plants sown on 8 April and sprayed with 5cm 3 Potasin-P /l and 7.5 g Lithovit/l recorded the highest values of N, P, K, chlorophyll a, b, total chlorophyll, carotenoids and total carbohydrates content in leaves. In the contrary, this interaction recorded the lowest values of leaves proline content and peroxidase activity which induced favorable plant conditions and reflect on reduce environmental stress effect.
It can be concluded that the mentioned interaction was the recommended treatment for optimum chemical composition of cotton leaves under experimental conditions. In this regard, Ozbun et al. (1965 a, b) reported that potassium deficiency decreases photosynthesis through a reduction in both leaf area and in net CO 2 fixation. Reddy and Zhao (2005) reported that elevated atmospheric ]CO 2 [ increased not only the amount of K nutrient required but also the sensitivity of response to leaf K concentration. 
